. However, the data predevelopment as targeted disruption of the POMC gene sented in these studies must be viewed with some deresults in the complete absence of adrenal tissue (Yasgree of caution since the so-called growth response is wen et al., 1999). Although ACTH has often been reoccurring at a time when the adrenal gland is undergoing garded to be the POMC peptide that promotes mitogenrapid atrophy. Indeed, it has been clearly demonstrated esis, evidence from in vitro studies suggests that ACTH that the peptides derived from the N terminus of POMC is anti-mitogenic (Hornsby, 1984) while in vivo immunoplay a crucial role in eliciting the compensatory growth neutralization of circulating ACTH, although significantly response (Lowry et al., 1983) . Using antisera to immunodecreasing corticosteroid levels, increases mitogenesis neutralize specific circulating POMC peptides, it was shown that the extreme N-terminal peptides and not ACTH were essential in eliciting the growth response, adding weight to the argument that the mitogenic POMC consequently investigated expression of this family of enzymes in the adrenal using PCR with degenerate olipeptide resides in the N-terminal fragment. However, a gonucleotides designed around the catalytic histidine surprising result from this study was the finding that and serine residues. Using adrenal cDNA derived from immunoneutralization against N-POMC (50-74) (␥ 3 -both normal and glands undergoing compensatory MSH) completely inhibited the compensatory growth growth as template, an autoradiograph was obtained, response. As this peptide has no mitogenic properties shown in Figure 2A . The sequence of the clones derived and that its precursor pro-␥-MSH is the principal circufrom band 1 was identified as tissue plasminogen activalating form, it was postulated that this precursor peptide tor, which has previously been identified in the adrenal was specifically cleaved postsecretionally by a protease medulla (Kristensen et al., 1986) . The sequence of clones expressed by the adrenal giving the shorter, mitogenic derived from band 2 did not match any known sequence, N-POMC peptides, and it was this cleavage that was while clones from band 3 were identified as adipsin, (Min being inhibited by the binding of the ␥-MSH antibody and Spiegelman, 1986). Its expression in the adrenal has to pro-␥-MSH (Lowry et al., 1983) . not been previously reported, but investigation using in However, to date, this putative protease has not been situ hybridization showed expression across both zonae identified. In this study, we investigate the role of proteofasciculata and reticularis (results not shown). As the lysis in compensatory growth resulting in the cloning blood in the adrenal is centripetal and mitogenesis ocand characterization of a serine protease that fulfills the curs in a narrow band of cells underneath the capsule, requirements of the hypothesis.
adipsin is unlikely to be involved directly in adrenal growth.
Results
We investigated the unknown sequence further, and the full-length coding sequence, together with the deInvestigation into the Role of a Serine duced amino acid sequence, is shown in Figure 2B and Protease in Adrenal Growth can be accessed via GenBank accession number To investigate the hypothesis that a protease was in-AF198087. volved with adrenal growth, we tested the effects of the Analysis of the sequence indicates it to contain two serine protease inhibitor aprotinin on the compensatory putative ATG start codons; the first, at position 16, does growth response. The results, shown in Figure 1A , show not contain a Kozak translation intitation sequence (Kothe expected growth response in the saline-injected unizak, 1987) and also has an in-frame stop codon starting lateral adrenalectomized group (P Ͻ 0.001) while no at position 28. The second ATG at position 32 has a significant growth was observed in the sham-operated Kozak sequence and encodes a putative 279 amino acid controls or in the group pretreated with aprotinin, sugprotein of predicted 30.5 kDa molecular weight congesting that a protease is involved with the growth retaining the conserved His/Asp/Ser catalytic triad (resisponse. Additionally, aprotinin significantly reduced the dues 88, 133, and 229, respectively) typical of the trypsin growth rate of Y1 cells grown in 5% Optimem (Figure family of enzymes. The enzyme also contains an aspartic 1B) when compared to controls, suggesting proteolysis acid residue at the Ϫ6 position from the catalytic serine was also required for their growth.
which is known to confer specificity for basic residues (Ruhlmann et al., 1973; Bode et al., 1984) . The sequence Molecular Cloning of a Serine Protease contains no putative N-linked glycosylation sites. ComAs aprotinin is unlikely to penetrate the cells, we reaputer analysis of the sequence using the PSort program soned that the putative protease would be likely to be accessed at http://psort.nibb.ac.jp (Nakai and Kanehisa, 1992) predicts it to contain a potential N-terminal signal a member of the trypsin family of serine proteases. We incubation of the antibody with AsP (23-47) peptide. The of the sense cells was reduced to that of the antisense cells. In addition, there was no difference in the growth growth rate of these clones was found to be identical in normal growth media containing fetal calf serum (Figure rate of the latter in ␥-MSH-depleted media compared to control media. These results strongly support the 5B), indicating that transfection of the constructs was not deleterious in this media. However, when cells were notion that pro-␥-MSH is the substrate for AsP. grown in 5% Optimem, a medium that contains POMC peptides, the antisense cells grew at a significantly reMolecular Modeling Using the known crystal structures of trypsin and chyduced rate ( Figure 5C ), suggesting that AsP expression is required for growth of Y1 cells. In order to establish motrypsin, we generated a putative model of AsP. Shown in Figure 6A , the binding pocket and active site if pro-␥-MSH was the substrate for AsP, we grew the sense and antisense cells in the presence of 10 nM can be clearly seen. Two interesting features revealed by the model are an arginine residue (position 130) probovine pro-␥-MSH. The results from this experiment shown in Figure 5D show that the addition of the peptide truding into one end of the binding pocket, suggesting this may play a role in substrate specificity, and, sechad no effect on the actual rate of growth of the sense cells, but allowed a significantly greater final cell number ondly, the model displays a large number of arginine residues (shown in blue) on the opposite face to the to be obtained. In contrast, the peptide had no effect on either the rate of growth or the final number of antisense active site. This latter feature is interesting since it would lead to a concentration of positive charge on this face, cells. When the sense and antisense cells were grown in ␥-MSH-depleted media (Figure 5E) , the growth rate which may well interact with negatively charged cell AsP was retained on the cell surface, and this was confirmed using immunocytochemistry on Y1 cells with antishown), suggesting that AsP is not a broad spectrum protease either at mono or dibasic sites. bodies raised against a synthetic N-terminal peptide fragment of AsP, as well as with overexpressed epitopeUsing the AsP antibody coupled to Sepharose to affinity purify the enzyme released from the cell surface into tagged AsP. The physiological role of AsP in adrenal cell growth the media, no activity was purified from unconditioned media, but enzyme purified from conditioned media rapwas demonstrated by Y1 cells expressing sense and antisense AsP mRNA. It was not unexpected that no idly cleaved QFS-20 (1.5 mol was completely cleaved in 15 min). The cleavage point was determined by mass difference was observed when these cells were grown in media containing fetal serum, as the serum would spectrometry, which gave one major peak of 1249. were produced in an identical manner except that the left adrenal was not removed at surgery.
Da equating to Abz-L-T-E-N-P-R-K-Y-V (Figure 7B
purified from it (Ross et al., 2000) .
Growth of the Y1 Adrenocortical Cell Line length coding sequence was amplified using two gene-specific primers, (at the 5Ј end of the gene from positions 3-29, 5ЈGTCACT All cell culture reagents were obtained from Sigma. Cells were maintained in a humidified incubator at 37ЊC, 5% CO 2 and grown in Hams GAGCCTCATGAAATCAGGGTG3Ј and at the 3Ј end of the gene from positions 922-896, 5ЈAGGCACTTGGGTACAGACTTCACGGGA3Ј) F10 supplemented with 15%(v/v) FCS, 100 U/ml of penicillin, 100 g/ml of streptomycin, 2 mM L-glutamine, and 100 g/ml G418 if with reactions conditions as described and cycled as follows: initial denaturation of 94ЊC for 1 min then 35 cycles of 94ЊC for 30 s and transfected. Due to the large quantities of growth factors and POMC peptides present in this media, growth experiments were carried 68ЊC for 2 min. The PCR product was analyzed by agarose gel electrophoresis, cloned, and sequenced in both directions. out in a minimal media consisting of 5% (v/v) Optimem (Life Technologies) diluted in MEM supplemented with 2 mM L-glutamine plus Tissue distribution of the enzyme was determined by PCR to amplify a specific 461 bp product using internal gene-specific primany treatment. Optimem media was used principally because it contains N-POMC peptides ‫5ف(‬ ng/ml as measured by RIA) and was ers (5Ј end of the gene from positions 158-183, 5ЈCTGTCAGAAGA GAGAATCATTGGAGG3Ј and at the 3Ј end of the gene from positions diluted 1 in 20 to obtain a more physiological concentration. Bovine pro-␥-MSH (POMC [1-77]) was purified as described previously 618-593, 5ЈTCCGAACTTACTATTCTGACCTCTCC3Ј) with reaction conditions as described using cDNA synthesized from adrenal, (James and Bennett, 1985) .
heart, liver, kidney, lung, brain, placenta, spleen, thymus, ovary, testes, and the Y1 tumor cell line as template. Reactions were cycled Effects of Aprotinin on the Compensatory Growth Response as follows: initial denaturation of 94ЊC for 1 min then 35 cycles of and Growth of the Y1 Cell Line 94ЊC for 30 s and 68ЊC for 1 min. Groups of male rats (approximately 150 g) were injected intra peritoExpression in the adrenal was determined using a semi-quantitaneally (i.p.) with either saline (n ϭ 15) or saline containing 80000 KIU tive PCR method (Shutter et al., 1997) utilizing adrenal cDNA derived of the serine protease inhibitor trasylol (n ϭ 13) (aprotinin, Bayer) from sham-operated and 24 hr post unilateral adrenalectomized 30 min before unilateral left adrenalectomy. Sham-operated controls animals as template. Reactions were set up and cycled in an identi-(n ϭ 10) were also performed in which the left adrenal was not cal method to those used to determine tissue distribution but using removed during surgery. Twenty four hours later, the animals were a 10-fold serial dilution of template cDNA to assess the relative sacrificed and the right adrenal carefully removed and weighed. expression levels by comparing the dilution at which the PCR prodTo investigate the effects of aprotinin on adrenal cells in vitro, Y1 uct became visible on an agarose gel. Template cDNA was standardcells were seeded in six well dishes (in triplicate) and grown overized by amplification, using identical conditions, of a 435 bp internal night in normal growth media before being replaced (day 1) with fragment of tissue plasminogen activator (tPA), an enzyme ex-5% Optimem containing either 350 KIU of trasylol per ml or the pressed in the adrenal medulla (Kristensen et al., 1986 ). equivalent volume of saline. Cells were harvested on days 1, 2, 3, 4, and 5 by trypsinization and counted using a Coulter Counter.
In Situ Hybridization Sense and antisense protease riboprobes (461 nt) labeled with diMolecular Cloning of a Serine Protease goxygenin (DIG) were synthesized by in vitro transcription from the Total RNA was extracted from rat adrenals using TRI reagent PCR product derived from the tissue distribution cloned into pGEM-T (Sigma), poly(A) ϩ RNA isolated using Oligotex latex beads (Qiagen), Easy (Promega). After synthesis, probes were checked for integrity and 1 g used to synthesize double-stranded Marathon Ready by denaturing agarose gel electrophoresis and purified by selective cDNA using the Marathon cDNA Amplification Kit (Clontech).
precipitation. In situ hybridization was carried out as previously Degenerate oligonucleotide primers were designed to a consendescribed ( with saline, the bound antibody was detected using a HRP-conjumin then 30 cycles of 94ЊC for 30 s, 65ЊC for 30 s, and 68ЊC for 4 gated swine anti-rabbit antibody followed by colorimetric detection. min. The radiolabeled products were separated on a 5% denaturing polyacrylamide gel (National Diagnostics) and bands visualized by Affinity Purification of AsP Antibody autoradiography. Bands of interest were excised and the DNA eluted Peptide (500 g) coupled to Ultralink Iodoacetyl (Pierce) was used in 50 l of water by boiling for 5 min. The DNA was purified using to affinity purify AsP antibodies from 15 ml of rabbit antiserum the GenecleanII kit (Bio101) and one fifth used as a template for diluted 1:10 with saline. After washing the solid phase with 50 mM reamplification using the same reaction conditions, excluding the sodium acetate/20% acetonitrile (pH 6), the antibody was eluted radioactivity. The products were analyzed by agarose gel electrofrom the column with 2 ml of 50 mM sodium acetate/formate buffer/ phoresis, cloned, and sequenced. 20% acetonitrile (pH 4) and subsequently neutralized with 100 l of Full-length coding sequence was obtained using the Marathon 5Ј saturated sodium bicarbonate. Solid phase antibody was made by and 3Ј RACE system (Clontech) using the known sequence to design coupling 250 g of the antibody to 200 mg cyanogen bromide actigene-specific oligonucleotide primers. For 5Ј RACE, the gene-spevated Sepharose 4B (according to the manufacturers' instructions, cific primer corresponded to positions 352-326 (5ЈTGTAGAAACAC Sigma) for affinity purification of AsP from cell media. CAAAGGTGGCTGTCCA3Ј), and for 3Ј RACE, the gene-specific primer corresponded to positions 638-664 (5ЈGACTACGGTGGGAG TGTCTTGCCAGGA3Ј). Both primers were used with the Marathon
Immunoblotting of AsP
The epitope (AsP 23-47) corresponds to the N-terminal peptide of anchor primer AP1 (5ЈCCATCCTAATACGACTCACTATAGGGC3Ј). Reactions were set up and cycled as recommended by the kit manuAsP, which, in some members of this family, is cleaved and remains attached to the protease by a disulfide bridge. We investigated this facturer. The products were analyzed by agarose gel electrophoresis, cloned, and sequenced.
by separating samples on either reducing or nonreducing gels. Trisglycine SDS-PAGE gels (16%) were run and transferred to PVDF Once the 5Ј and 3Ј ends had been determined, the entire full-membrane by semi-dry blotting. AsP was detected using a 1:1000 MCA (Sigma), and an internally quenched fluorescent substrate Abz-LTENPRKYVMJS, designated QFS-20, where the J is nitrotyrosine dilution of the affinity-purified polyclonal AsP antibody followed by a secondary goat anti-rabbit antibody coupled to HRP and chemiluand Abz is 2-aminobenzoyl. tion of 20 nM in a volume of 1 ml. They were incubated on the cells for 2 hr at 37ЊC before the measurement of fluorescence (For MCA Sense and Antisense Constructs peptides, an excitation wavelength of 366 nm and emission waveThe 461 bp AsP fragment amplified by the internal gene-specific length of 460 nm were used; for QFS-20, an excitation of 340 nm primers was cloned into pcDNA3.1 (Invitrogen) in either orientation and emission of 420 nm were used). Activity was standardized to and used to transfect Y1 cells using Effectene reagent (Qiagen).
total cellular protein content. Stable clones were isolated by their resistance to G418 and transcription of the mRNA confirmed using PCR with one gene-specific primer and one vector-specific primer. Confirmation of decreased Affinity Purification of AsP from Cell Media AsP protein expression was achieved using Western blotting. Cells Y1 wild-type cells were grown to 70% confluence in 500 cm 2 triple were maintained in normal growth media and growth experiments layer flasks at which time the media was exchanged for Optimem. carried out in 5% Optimem media as described for the protease The cells were grown for a further 48 hr before the media was inhibitor experiments.
harvested and filtered before affinity purification of AsP by passing 400 ml of media (equivalent to three flasks) through a column containing 250 g of AsP antibody coupled to Sepharose. As a control, Depletion of ␥-MSH Peptides from Cell Media unconditioned media was passed through the column. Following Optimem media was depleted of peptides containing ␥-MSH pepextensive washing with saline, AsP activity was detected directly tides using a sheep anti-␥ 1 -MSH antibody that recognizes both proon the column for its ability to cleave the N-POMC substrate QFS-␥-MSH and lyzed by SDS-PAGE and Western blotting.
Molecular Modeling and Immunocytochemistry of AsP Statistical Analysis in Y1 Cells
In all experiments, values are presented as means with their accom-A model structure for the protein was generated based on its homolpanying standard errors and statistical differences calculated using ogy with other serine proteases. A multiple sequence alignment was Student's t test for unpaired data. generated using the program ClustalW. The model was calculated using trypsin (38% identity) as the parent structure. For two loops in the structure, chymotrypsin was used as a closer relative. The
